WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 
H04Q 11/00 



Al 



(11) International Publication Number: WO 98/53634 

(43) International Publication Date: 26 November 1998 (26.1 1.98) 



(21) International Application Number: PCT/US98/07282 

(22) International Filing Date: 9 April 1998 (09.04.98) 



(30) Priority Data: 
08/861,673 



22 May 1997 (22.05.97) 



US 



(71) Applicant: EFFICIENT NETWORKS, INC. [US/US]; 4201 

Spring Valley Road, Dallas, TX 75244-3666 (US). 

(72) Inventors: FOSMARK, Klaus, S.; 3264 Green Court, Piano, 

TX 75023 (US). DIBBLE, Kevin, S.; 4207 Phoenix Drive, 
Carrollton, TX 75010 (US). PERRY, William, A., Jr.; 2906 
Country Place Circle, Carrollton, TX 75006 (US). 

(74) Agent: MILLS, Jerry, W.; Baker & Botts, L.LJ\, 2001 Ross 
Avenue. Dallas, TX 75201-2980 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TO, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH. CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, a, 
CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: MULTIPLE MODE xDSL INTERFACE 



xDSL 

LINK 



64 



62 

A. 



xTU-R 



SWITCH 



7 

66 

xDSL 
INTERFACE 



65 

PACKET 



72 



V 68 



FRAME CONTROLLER 



L I 



j- 



TC 



SAR (ATM 
FUNCTIONS) 



CPE 
INTERFACE 

74 



[_76 ATM 78_j^-70 

CONTROL 



BUS OR 
"NETWORK 



(57) Abstract 

A multiple mode xDSL interface (60) is disclosed. The multiple mode xDSL interface (60) includes an xDSL termination unit 
(62) operable to couple to an xDSL link (64) and to manage communication of data across an xDSL physical layer. The multiple mode 
xDSL interface (60) also includes a customer premises equipment <CPE) termination unit (65) coupled to the xDSL termination unit (62) 
and operable to couple to customer premises equipment The CPE termination unit (65) has an operating mode selected from a plurality 
of operating modes where each operating mode is associated with a data protocol and supports communication of data across the xDSL 
physical layer using the associated data protocol. 



SDOCIO: <WO_9853834A1_l_> 



i 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda - 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


5D 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG . f 


Singapore 







WO 98/53634 



PCT/US98/07282 



1 

MULTIPLE MODE xDSL INTERFACE 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to digital 
subscriber line communications, and more particularly to a 
multiple mode digital subscriber line (xDSL) interface. 

BACKGROUND OF THE INVENTION 

Digital subscriber line (DSL) technology provides a 
physical layer protocol for communicating information 
across a twisted pair telephone line at data rates 
exceeding those achievable using other physical layer 
protocols. One form of DSL is asymmetric digital 
subscriber line (ADSL) communication. ADSL communication 
involves transmitting data in one direction (typically 
towards the customer premises) at a greater data rate than 
data is transmitted in the other direction (typically 
towards the local exchange) . There are also other forms of 
DSL such as symmetric DSL (SDSL) , high-speed DSL (HDSL) and 
very high-speed DSL (VDSL) . These various forms of DSL can 
be referred to generally as xDSL. 

xDSL communication systems are generally implemented 
using a digital subscriber loop access multiplexer (DSLAM) 
located at a central office or other local exchange 
termination point of the public switched telephone network 
(PSTN) . A DSLAM typically contains a number of xDSL 
termination units, or modems, that can establish an xDSL 
link and communicate xDSL protocol data across twisted pair 
telephone lines. The xDSL termination units can be 
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connected to the telephone lines via splitter devices that 
separate the xDSL data traffic from voice traffic on the 
telephone lines. A splitter is similarly used at the 
customer premises to separate voice and xDSL data traffic 
5 and to provide the xDSL data traffic to an xDSL termination 

unit located at the remote customer premises. Once 
established, the xDSL link allows high speed data 
communication between the local exchange and the customer 
premises . 

10 In general, the term "customer premises equipment" 

(CPE) can be used to encompass the equipment located at a 
remote customer site in the communication system. The CPE 
typically includes an xDSL interface component that has an 
xDSL termination unit for terminating the xDSL link as well 

15 as an interface component between the xDSL termination unit 

and other CPE components. The xDSL interface can comprise, 
for example, a network interface card (NIC) that interfaces 
between the xDSL link and a bus on a personal computer, 
workstation or other computing device. The xDSL interface 

20 can also form a component of a network router or bridge, 

such as an Ethernet router or bridge. 

There is some disagreement as to what type of data 
traffic should be carried on the xDSL physical layer. For 
example, the ADSL Forum has published two technical reports 

25 suggesting competing modes for communicating data traffic 

across the ADSL physical layer. One mode is an 
asynchronous transfer mode (ATM) in which data traffic is 
carried by ATM cells. The other mode is a packet mode in 
which data is carried using high-level data link control 

30 (HDLC) or similar framed data packets. In particular, the 

framed packets can include point-to-point protocol (PPP) in 
HDLC-like frames and frame user network interface (FUNI) 
frames. Because of the competing ATM and packet modes of 
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operation for data traffic over the ADSL link, it is 
possible that DSLAMs implemented in different regions will 
use different modes. Consequently, ADSL interfaces 
designed to be compatible with the ATM mode of operation 
would not work in a packet mode region, and vice versa. 
Further, one of the two modes is likely to become dominant, 
but it is unclear which that will be. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a multiple 
mode xDSL interface is provided that provides advantages 
over prior xDSL interfaces. 

In accordance with one aspect of the present 
invention, a multiple mode xDSL interface is disclosed. 
The multiple mode xDSL interface includes an xDSL 
termination unit operable to couple to an xDSL link and to 
manage communication of data across an xDSL physical layer. 
The multiple mode xDSL interface also includes a customer 
premises equipment (CPE) termination unit coupled to the 
xDSL termination unit and operable to couple to customer 
premises equipment. The CPE termination unit has an 
operating mode selected from a plurality of operating modes 
where each operating mode is associated with a data 
protocol and supports communication of data across the xDSL 
physical layer using the associated data protocol. 

In accordance with another aspect of the present 
invention, a method is disclosed for providing a multiple 
mode interface to an xDSL link. Communication of data 
across an xDSL physical layer of the xDSL link is managed. 
A plurality of operating modes are provided where each is 
associated with a data protocol and supports communication 
of data across the xDSL physical layer using the associated 
data protocol. A selection is made between the plurality 
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of operating modes, and data is communicated with customer 
premises equipment. Thus, multiple data protocols for 
communicating across the xDSL physical layer are supported. 
A technical advantage of the present invention is the 
5 provision of an xDSL interface that supports multiple data 

protocols. For example, the xDSL interface can support 
both an ATM mode and a packet mode of operation. In this 
manner, the xDSL interface allows compatibility with 
competing protocols for data traffic across the xDSL link. 

10 The selection between modes for the xDSL interface can be 

made in hardware or software and can be a manual or 
automatic process. The multiple mode xDSL interface of the 
present invention allows customer premises equipment to be 
built and installed that will support the type of DSLAM 

15 that is implemented in a particular region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention 
and advantages thereof may be acquired by referring to the 
20 following description taken in conjunction with the 

accompanying drawings, in which like reference numbers 
indicate like features, and wherein: 

FIGURE 1 is a block diagram of one embodiment of an 
xDSL link interconnecting a remote customer premises and a 
25 network access provider; 

FIGURE 2 is a block diagram of one embodiment of an 
xDSL communication system using an ATM mode for data 
traffic across an ADSL link; 

FIGURE 3 is a block diagram of one embodiment of an 
30 xDSL communication system using a packet mode for data 

traffic across an ADSL link; 
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FIGURE 4 is a block diagram of one embodiment of a 
multiple mode xDSL interface constructed according to the 
teachings of the present invention; and 

FIGURE 5 is a protocol layer diagram relating to the 
5 xDSL interface of FIGURE 4 . 

DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 is a block diagram of one embodiment of an 
xDSL link interconnecting a remote customer premises and a 

0 network access provider. As shown, customer premises 

equipment (CPE) 12 located at the remote site is connected 
to a network access provider <NAP) 14 via xDSL link 16. 
Network access provider 14 is in communication with a 
network service provider (NSP) 16 via a wide area network 

5 (WAN) 18. Further, network service provider 16 provides 

access to an NSP network 20, as shown. xDSL link 16 can be 
an ADSL, SDSL, HDSL, VDSL or other DSL link, and, as used 
herein, xDSL refers generally to these forms of DSL. 

Network access provider 14 represents an entity that 

0 terminates xDSL link 16 at a central office or other local 

exchange termination point. Network service provider 16 
represents an entity that provides access to higher level 
network services. For example, network service provider 16 
can comprise an Internet service provider (ISP) or a 

5 corporate office providing network services to a remote 

office or telecommuter. It should be understood that 
network access provider 14 and network service provider 16 
can comprise the same physical organization but need not do 
so. For example, a regional Bell operating company (RBOC) 

0 could provide both xDSL service and Internet access in 

which case it would maintain the role of both network 
access provider 14 and network service provider 16. 
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Customer premises equipment 12 can comprise a personal 
computer, computer workstation or other computing device 
with an xDSL interface. Alternatively, customer premises 
equipment 12 can comprise a network router or bridge, such 
as an Ethernet router or bridge, that includes an xDSL 
interface and provides connectivity to a customer premises 
network. 

FIGURE 2 is a block diagram of one embodiment of an 
xDSL communication system using an ATM mode for data 
traffic across an xDSL link. As shown, a network access 
provider operates an access node 22 which is connected to 
an xDSL interface 24 component of the customer premises 
equipment. Access node 22 includes an ATM layer function 
block 26 that is coupled to an ATM network 28. Access node 
22 further includes a plurality of transmission convergence 
(TC) units 30. Each TC unit 30 is connected to an xDSL 
termination unit (xTU) 32. xDSL termination units 32 in 
access node 22 are designated as "xTU-C" because they are 
associated with the central office or other local exchange 
termination point. 

The customer premises equipment includes xDSL 
interface 24 which comprises an xDSL termination unit (xTU) 
34. xDSL termination unit 34 is designated as "xTU-R" 
because it is associated with a remote site. xDSL 
termination unit 34 is in communication with one of the 
xDSL termination units 32 across an xDSL link 36, as shown. 
At a given point in time, any number of xDSL termination 
units 32 from access node 22 can be in communication with 
remote xDSL interface units 34 to support communication to 
customer premises. xDSL interface 24 further includes a 
transmission convergence (TC) unit 36 and a block 38 that 
provides ATM and higher level functions. Block 38 provides 
an interface to other components of the customer premises 
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equipment. Block 38 can interface, for example, to a bus 
on a personal computer, workstation or other computing 
device. Block 38 can also interface to a user network, 
such as an Ethernet local area network. 

In operation, access node 22 performs adaptation 
between the public network and ATM network 28. In the 
downstream direction (i.e., towards the customer premises), 
access node 22 may perform routing and demultiplexing. In 
the upstream direction (i.e., towards the ATM network), 
access node 22 may perform multiplexing and concentration. 
In operation, xDSL interface 24 performs termination of the 
xDSL physical layer and ATM layer. ATM layer function 
block 2 6 and block 38 perform the upstream and downstream 
routing of cell traffic, for example, on a virtual path 
identifier and/or a virtual channel identifier basis. TC 
units 30 and TC unit 36 manage the transmission convergence 
physical sublayer for the ATM traffic. ADSL termination 
units 32 and ADSL termination unit 34 provide physical 
layer handling for the xDSL traffic at the network and 
customer premises end. An ADSL communication system 
similar to the system shown in FIGURE 2, as well as the 
various functional blocks, is disclosed and described in 
"Technical Report, TR-002, ATM over ADSL Recommendations," 
March 20, 1997, the disclosure of which is incorporated 
herein by reference. 

FIGURE 3 is a block diagram of one embodiment of an 
xDSL communication system using a packet mode for data 
traffic across an xDSL link. As shown, an access node 40 
associated with a network access provider is connected 
across an xDSL link 4 4 to an xDSL interface 42 associated 
with a customer premises. Access node 40 includes a 
plurality of xDSL termination units (xTU-C) 46. Each xDSL 
termination unit 46 can be connected to a respective xDSL 
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interface 42. Within access node 40, each xDSL termination 
unit 46 is connected to a digital link layer block 48. 
Digital link layer block 48 in turn can be connected to a 
digital broadcast or packet network, as shown. At the 
5 customer premises side, xDSL interface 42 includes an xDSL 

termination unit (xTU-R) 50. xDSL termination unit 50 is 
coupled to a digital link layer block 52 which is in turn 
coupled to a service module 54. Service module 54 provides 
an interface to a bus or network for communicating with 

10 other components of the customer premises equipment. 

In operation, the system of FIGURE 3 manages 
communication of framed data packets across xDSL link 44. 
The system can be implemented, for example, to support two 
operating modes: point-to-point protocol (PPP) in high- 

15 level data link control (HDLC) like frames (RFC1662 mode) ; 

and frame user network interface (FUNI) frames (i.e., FUNI 
mode) . In this scheme, the xDSL physical layer provides a 
point-to-point physical layer bitstream upon which either 
of these two framed packet data formats can be carried in 

20 the data link layer. An ADSL communication system similar 

to the system shown in FIGURE 3, as well as the various 
functional blocks, is disclosed and described in "Framing 
and Encapsulations Standards for ADSL: Packet Mode," WT- 
004, v. 3.0, March 1997, Technical Report of the ADSL 

25 Forum, the disclosure of which is incorporated herein by 

reference. One feature mentioned as a general attribute in 
this reference is that one implementation can allow 
switching between operation in the RFC16 62 mode and FUNI 
mode for framed data packets. Further, the reference 

30 mentions an auto-detection scheme and algorithm for 

accomplishing this switching between framed packet 
operating modes. 



WO 98/53634 



PCT/US98/07282 



9 



In operation, access node 40 communicates packets with 
the connected digital broadcast packet network. Access 
node 40 can alternatively communicate with an ATM wide area 
network (WAN) backbone (not shown) using ATM interworking 
5 functions. Digital link layer block 48 processes packets 

and communicates information with appropriate xDSL 
termination units 4 6 for communication across an xDSL link 
44. Digital link layer block 48 manages the data protocol 
layer while xDSL transmission unit 4 6 manages the xDSL 

10 physical layer. On the customer premises side, xDSL 

termination unit 50 manages the xDSL physical layer and 
communicates data to digital link layer block 52. Digital 
link layer block 52 manages communicating packets in the 
framing protocol layer. Digital link layer block 52 

15 communicates information with service module 54 which 

provides an interface to other components of the customer 
premises equipment. This interface can be to a bus of a 
personal computer, workstation or other computing device. 
Service module 54 can also provide an interface to a local 

20 area network. The system of FIGURE 3 thus allows framed 

packets to be communicated across the physical layer 
provided by xDSL link 44. 

FIGURE 4 is a block diagram of one embodiment of a 
multiple mode xDSL interface constructed according to the 

25 teachings of the present invention. In particular, the 

multiple mode xDSL interface is advantageous for use in an 
ADSL communication system due to the problem that is 
presented by the competing ATM mode and packet mode data 
protocol standards published by the ADSL Forum. Because 

30 different modes may be used for xDSL links installed in 

various regions, customer premises equipment designed to 
operate in ATM mode would not work in a region with packet 
mode digital subscriber line access multiplexers (DSLAMs) . 
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Conversely, customer premises equipment designed to operate 
in packet mode would not work with ATM mode DSIAMs. 

According to the present invention, xDSL interface 60 
of FIGURE 4 provides dual modes of operation to be 
compatible with both ATM mode and packet mode data 
protocols. Further, although the embodiment of FIGURE 4 is 
a dual mode xDSL interface, additional numbers of modes 
could be supported in accordance with the present 
invention. 

As shown in FIGURE 4, xDSL interface 60 includes an 
xDSL termination unit (xTU-R) 62 which is coupled to an 
xDSL link 64. xDSL termination unit 62 is also coupled to 
a CPE termination unit 65 that provides a multiple mode 
interface to a bus or network at the customer premises. 
According to the teachings of the present invention, CPE 
termination unit 65 has multiple modes of operation to 
handle different protocol layers established on xDSL link 
64. In the illustrated embodiment, CPE termination unit 65 
has two modes: ATM mode and packet mode. In this dual mode 
embodiment, CPE termination unit 65 includes a* switch 66 
that receives a control signal, CONTROL. In the embodiment 
of FIGURE 4, switch 66 can connect xDSL termination unit 62 
to one of two paths, as shown, based upon the control 
signal, CONTROL. The setting of switch 66 can be 
accomplished in hardware or software either manually or 
automatically. In this manner, switch 66 provides a dual 
path for data traffic communicated through xDSL interface 
60 of FIGURE 4. Of course, there are alternative ways to 
provide selectability for CPE termination unit 65 in 
addition to the use of switch 66. 

In the illustrated embodiment, xDSL interface 60 
provides a packet mode path 68 and an ATM mode path 70. 
Packet mode path 68 can comprise a frame controller 72. 
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Frame controller 72 operates to manage framed packet 
communication, such as HDLC or similar framed packets, and 
such functionality is generally available in an integrated 
circuit chip. One example of frame controller 72 is the 
TXC-05101C available from TRANSWITCH CORPORATION. Frame 
controller 72 is coupled to a customer premises equipment 
(CPE) interface 74. CPE interface 74 can provide an 
interface to a bus of a personal computer, workstation or 
other computing device. Alternatively, CPE interface 74 
can provide an interface to a customer premises network, 
such as an Ethernet local area network. CPE interface 74 
operates to communicate data at higher protocol layers. 
CPE interface 74 of FIGURE 4 can have selectable packet and 
ATM modes of operation or can comprise separate packet and 
ATM mode paths. 

ATM path 70 can comprise a transmission convergence 
(TC) unit 76 coupled to a segmentation and reassembly (SAR) 
unit 78. SAR unit 78 is then coupled to CPE interface 74. 
In operation, SAR unit 78 provides ATM functions for ATM 
mode path 70. Both TC unit 7 6 and SAR unit 78 functions 
can be implemented using integrated circuit chips. One 
example of a TC component is the TXC-05150 available from 
TRANSWITCH CORPORATION. One example of an SAR component is 
the Bt8230 product available from BROOKTREE (now ROCKWELL) . 

According to the teachings of the present invention, 
xDSL interface 60 can be implemented in a network interface 
card (NIC) , a network router or bridge, or other customer 
premises equipment. xDSL interface 60 can be implemented 
as a printed circuit board or boards containing a plurality 
of separate integrated circuit chip components to implement 
each of the various blocks. Alternatively, ADSL interface 
60 can include integrated circuit chips that combine two or 
more of the disclosed blocks, such as an application 
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specific integrated circuit (ASIC) . For example, switch 
66, frame controller 72, TC unit 76, SAR unit 78 and CPE 
interface 74 can be implemented as one integrated circuit 
chip. This chip can then be coupled to a commercially 
5 available chip set for xDSL transmission unit 62 available 

from various xDSL suppliers. 

It should be understood that xDSL interface 60 can be 
installed, for example, on a PCI bus or other bus of a 
personal computer, workstation or computing device, 

10 Further, xDSL interface 60 can form a component of a router 

or bridge for connection to a customer premises network. 
Other uses for xDSL interface 60 are also possible and 
should be apparent to one of skill in the art. 

For the embodiment of FIGURE 4, the function of 

15 controlling CPE termination unit 65 through switch 66 and 

CPE interface 74 to select the appropriate path for data 
traffic can be implemented in a number of ways. xDSL 
interface 60 can have a hardware switch, such as a DIP 
switch, that allows a user to hard set the path when xDSL 

20 interface 60 is installed. This assumes that the user 

would know to which mode of xDSL link 64 he was connected. 
For example, the user could thus set switch 66 to use 
either packet mode path 68 or ATM mode path 70 upon 
installation. 

25 Alternatively, switch 66 and CPE interface 74 can be 

controlled by software drivers used to install xDSL 
interface 60 and to set up the xDSL stack. The software 
drivers can be executed by the user when installing xDSL 
interface 60. One of the steps in the setup process can be 

3 0 to set whether the xDSL interface 60 will be used in packet 

mode or ATM mode. When the setting is selected, that 
information is communicated through CPE interface 74 . to 
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switch 66. Switch 66 is then set to a particular operating 
mode until changed by the user using the software driver. 

A further alternative is to perform mode auto- 
detection based upon data being communicated through xDSL 
interface 60. The auto-detect process can be performed by 
CPE interface 74 or software executing on other CPE 
components. In response to auto-detection of which mode is 
being used, CPE interface 74 or the software could set 
switch 66 in the proper mode. For example, switch 66 could 
be set to initially operate in one of the two modes. The 
auto-detect process could then determine whether or not 
data is being correctly communicated. If not, the process 
could switch to the other mode. 

FIGURE 5 is a protocol layer diagram relating to xDSL 
interface 60 of FIGURE 4. As shown, the xDSL communication 
environment includes an access node, indicated generally at 
80, and customer premises equipment, indicated generally at 
82, interconnected by an xDSL link, indicated generally at 
84. The protocol layers in access node 80 depend upon 
whether access node 80 uses an ATM mode or packet mode. In 
ATM mode, the protocol layers comprise ATM layer 86, 
transmission convergence (TC) layer 88 and physical media 
dependent (PMD) layer 90. It should be understood that 
additional layers exist above ATM layer 86. However, those 
layers are not discussed herein. In packet mode, the 
protocol layers include frame layer 92 and PMD layer 94. 
The access node 80 installed in a particular region, for 
example, may .use either ATM mode or packet mode. However, 
it would also be possible for an access node 80 to 
implement both ATM and packet modes and allow switching 
between the two modes. 

On the customer premises side, the dual mode xDSL 
interface of FIGURE 4 supports the illustrated protocol 
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layers. A PMD layer 96 is supported by the xDSL 
termination unit whether the xDSL interface is in ATM mode 
or packet mode. However, the layers above PMD layer 96 are 
dependent upon the operating mode of the xDSL interface. 
If the xDSL interface is in ATM mode, then a transmission 
convergence (TC) layer 98 and an ATM layer 100 are 
supported by the xDSL interface. Alternatively, when in 
packet mode, the xDSL interface supports frame layer 102 
for handling the framed packet communication. It should be 
understood that additional layers exist above ATM layer 100 
and frame layer 102, but are not discussed herein. 
Communication between access node 8 0 and CPE 82 is thus 
accomplished across the illustrated physical and lower 
level data protocol layers. 

According to the present invention, the xDSL interface 
component of CPE 82 supports multiple protocol stacks to 
allow a single xDSL interface to be compatible with 
multiple data protocols. This multiple mode operation 
provides significant advantages over conventional xDSL 
interface equipment . 

Although the present invention has been described in 
detail, it should be understood that various changes, 
substitutions and alterations can be made hereto without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A multiple mode xDSL interface, comprising: 

an xDSL termination unit operable to couple to an xDSL 
link and to manage communication of . data across an xDSL 
physical layer; and 

a customer premises equipment (CPE) termination unit 
coupled to the xDSL termination unit and operable to couple 
to customer premises equipment, the CPE termination unit 
having an operating mode selected from a plurality of 
operating modes; 

each operating mode of the CPE termination unit 
associated with a data protocol and supporting 
communication of data across the xDSL physical layer using 
the associated data protocol. 

2. The multiple mode xDSL interface of Claim 1, 
wherein the plurality of operating modes comprise a packet 
mode and an ATM mode. 

3. The multiple mode xDSL interface of Claim 1, 
wherein the form of xDSL is asynchronous DSL (ADSL) . 
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4. The multiple mode xDSL interface of Claim 1, 
wherein the CPE termination unit comprises: 

a packet communication path operable to manage 
communication of framed data packets of a data link 
5 protocol layer; 

an asynchronous transport mode (ATM) communication 
path operable to manage a transmission convergence (TC) 
physical sublayer and communication of cells of an ATM 
protocol layer; 

10 a switch coupled to the xDSL termination unit, to the 

packet communication path and to the ATM communication 
path, the switch operable to connect the xDSL termination 
unit to the packet communication path or to the ATM 
communication path; and 

15 a customer premises equipment (CPE) interface coupled 

to the packet communication path and to the ATM 
communication path, the CPE interface operable to 
communicate data at higher protocol layers; 

such that the multiple mode xDSL interface provides a 

20 packet operating mode and an ATM operating mode for 

interconnecting to the xDSL link. 

5. The multiple mode xDSL interface of Claim 4, 
wherein the CPE interface has selectable packet and ATM 

25 operating modes* 

6. The multiple mode xDSL interface of Claim 4, 
wherein the CPE interface comprises separate packet mode 
and ATM mode paths. 

30 

7. The multiple mode xDSL interface of Claim 4, 
wherein the connection of the switch and the mode of 
operation of the CPE interface are set in hardware. 
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8. The multiple mode xDSL interface of Claim 4, 
wherein the mode of operation of the CPE interface is set 
by software executed on customer premises equipment, and 

5 wherein the connection of the switch is set by a control 

signal from the CPE interface. 

9. The multiple mode xDSL interface of Claim 4, 
wherein the packet communication path comprises a frame 

10 controller coupled to the switch and to the CPE interface. 

10. The multiple mode xDSL interface of Claim 4, 
wherein the ATM communication path comprises: 

a transmission convergence (TC) unit coupled to the 
15 switch; and 

a segmentation and reassembly (SAR) unit coupled to 
the TC unit and to the CPE interface. 

11. The multiple mode xDSL interface of Claim 4, 
20 wherein the framed data packets are high level data link 

control (HDLC) like framed data packets. 

12. The multiple mode xDSL interface of Claim 11, 
wherein the framed data packets comprise point-to-point 

25 protocol (PPP) HDLC frames. 

13. The multiple mode xDSL interface of Claim 11, 
wherein the HDLC framed data packets comprise frame user 
network interface (FUNI) frames. 

30 

14. The multiple mode xDSL interface of Claim 4, 
wherein the CPE interface is operable to couple to a bus of 
a computing device. 
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15. The multiple mode xDSL interface of Claim 4, 
wherein the CPE interface is operable to couple to a 
network device. 

16. The multiple mode xDSL interface of Claim 1, 
wherein the CPE termination unit is implemented as a single 
integrated circuit device. 

17. The multiple mode xDSL interface of Claim 4, 
wherein the xDSL termination unit, switch, packet 
communication path, ATM communication path, and CPE 
interface are implemented using separate integrated circuit 
devices . 

18. The multiple mode xDSL interface of Claim 4, 
wherein the switch, packet communication path, ATM 
communication path, and CPE interface are implemented as a 
single integrated circuit device. 
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19. A method for providing a multiple mode interface 
to an xDSL link, comprising: 

managing communication of data across an xDSL physical 
layer of the xDSL link; 

providing a plurality of operating modes each 
associated with a data protocol and supporting 
communication of data across the xDSL physical layer using 
the associated data protocol/ 

selecting between the plurality of operating modes; 

and 

.communicating data with customer premises equipment; 
such that multiple data protocols for communicating 
across the xDSL physical layer are supported. 

20. The method of Claim 19, wherein providing a 
plurality of operating modes comprises: 

- providing a packet communication path for managing 
communication of framed data packets of a data link 
protocol layer; and 

providing an asynchronous transport mode (ATM) 
communication path for managing a transmission convergence 
(TC) physical sublayer and communication of cells of an ATM 
protocol layer . 

21. The method of Claim 20, wherein selecting an 
operating mode comprises selecting between the packet 
communication path and the ATM communication path. 

22. The method of Claim 19, wherein the form of xDSL 
is ADSL. 

23. The method of Claim 19, wherein selecting between 
operating modes is accomplished by a hardware setting. 
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24. The method of Claim 19, ■ wherein selecting between 
operating modes is accomplished by software executed on 
customer premises equipment. 

25. The method of Claim 20, wherein the packet 
communication path is implemented using a frame controller. 

26. The method of Claim 20, wherein the ATM 
communication path is implemented using a transmission 
convergence (TC) unit and a segmentation and reassembly 
(SAR) unit, 

27. The method of Claim 21, wherein the managing, 
providing, selecting and communicating are implemented 
using separate integrated circuit devices. 

28. The method of Claim 21, wherein the providing, 
selecting and communicating are implemented using a single 
integrated circuit device. 

29. The method of Claim 20, wherein the framed data 
packets are high level data link control (HDLC) like framed 
data packets. 
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